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HTXDWLRQEDVHGRQOLPLWORDGDSSURDFKHVKDYHEHHQPDGH>@$OWKRXJKWKHH[LVWLQJHTXDWLRQVDUHIURPH[WHQVLYH
FUDFNHG WXEH WHVW GDWD WKHLU DSSOLFDELOLW\ ZRXOG EH OLPLWHG PDLQO\ WR VLQJOH FUDFNHG VWUDLJKW WXEHV ,W KDV EHHQ
UHSRUWHGKRZHYHU WKDWFUDFNLQJLQ6*WXEHVRFFXUVQRWRQO\LQVWUDLJKW WXEHVIUHHVSDQVEXWDOVRLQ8EHQGVRU
PDQ\PRUH >@)XUWKHUPRUHPXOWLSOH FUDFNVZLWK FRPSOLFDWHG VKDSHV DQG DUUDQJHPHQWV KDYHEHHQ IRXQG7R
GHYHORS PRUH HTXDWLRQV IRU VXFK FRPSOH[ FDVHV E\ H[SHULPHQWDO PHWKRGV H[WHQVLYH WHVWLQJ ZKLFK FDQ EH YHU\
H[SHQVLYHRUZRXOGQRWEHSRVVLEOHGXHWROLPLWHGPDWHULDOVRXUFHVDUHUHTXLUHG








H[WHQVRPHWHUZLWK WKH JDJH OHQJWK RI PP WKUHH VSHFLPHQVZHUH XVHG LQ WKH WHVWV<LHOG VWUHQJWK DQG WHQVLOH
VWUHQJWKRI WKHPDWHULDOZHUH 03D DQG03D UHVSHFWLYHO\5HVXOWLQJ HQJLQHHULQJ DQG WUXH VWUHVVVWUDLQ
FXUYHVDUHVKRZQLQ)LJD
7RREWDLQIUDFWXUHSURSHUWLHV IUDFWXUH WHVWZDVDOVRSHUIRUPHGXVLQJFLUFXPIHUHQWLDO WKURXJKZDOOQRWFKHG WXEH




2.2. Summary of burst test 
7R YDOLGDWH QXPHULFDOPHWKRG SURSRVHG LQ WKLV VWXG\ SUHGLFWHG ORDGEHDULQJ FDSDFLW\ PD[LPXP SUHVVXUH LV
FRPSDUHGZLWKEXUVWWHVWGDWD%XUVWWHVWGDWDFDQEHXVHGIURPWKHSXEOLVKHGSDSHU>@7KLVVHFWLRQVXPPDUL]HV
WKHEXUVWWHVWDQGPRUHGHWDLOHGLQIRUPDWLRQDERXWWKHWHVWFDQEHIRXQGLQ5HI>@
7KLUWHHQ WXEHV ZLWK GLIIHUHQW D[LDO FUDFN OHQJWKV DQG GHSWKV ZHUH SUHSDUHG IRU EXUVW WHVW )LJ  VKRZV WKH
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(TXDWLRQ D LV IRU D[LDO WKURXJKZDOO FUDFNHG WXEH DQG (T E LV IRU D[LDO VXUIDFH FUDFNHG WXEH ,Q WKH
HTXDWLRQVtriDQGr0SUHVHQWWKHWKLFNQHVVLQQHUUDGLXVDQGRXWHUUDGLXVUHVSHFWLYHO\Vy DQGVuts GHQRWHV\LHOGDQG
WHQVLOHVWUHQJWKDQGaDQGcGHQRWHWKHFUDFNGHSWKDQGOHQJWKUHVSHFWLYHO\([SHULPHQWDOPD[LPXPSUHVVXUHVDQG
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SUHGLFWLRQVXVLQJ(TDUHFRPSDUHGLQ)LJ,Q)LJVROLGOLQHVDQGGRWWHGOLQHVUHSUHVHQWWKHSUHGLFWLRQVXVLQJ
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ZLWK)(HODVWLFSODVWLFDQDO\VHV>@ ,Q WKLVVWXG\KRZHYHURQO\ WKLQZDOOHG WXEH WHQVLOH WHVWFDQEHXVHGIRU
DQDO\]LQJ)RUWKLVUHDVRQWKHIRUPRI(TVKRXOGEHVLPSOLILHGDVIROORZV$FFRUGLQJWR5LFHDQG7UDFH\>@
















7R GHWHUPLQH WKH FRQVWDQW D LQ (T  ' HODVWLFSODVWLF ILQLWH HOHPHQW )( DQDO\VLV IRU 6* WXEH WHQVLOH
VLPXODWLRQ ZDV SHUIRUPHG 6\PPHWULF FRQGLWLRQV ZHUH FRQVLGHUHG DQG HLJKWQRGH EULFN HOHPHQWV ZLWK IXOO






VWUHVV DQG VWUDLQ KLVWRU\ VWUHVV WULD[LDOLW\ YDOXHV ZHUH DYHUDJHG DV VKRZQ LQ )LJ D ZLWK GRWWHG OLQH ,QVHUWLQJ
IUDFWXUH VWUDLQ DQG WKH DYHUDJHG VWUHVV WULD[LDOLW\ LQWR (T  JLYHV WKH FRQVWDQW YDOXHD  OHDGLQJ WR WKH
IUDFWXUHVWUDLQORFXVIRU$OOR\77VKRZQLQ)LJEZLWKDVROLGOLQHGHQRWLQJWKHFORVHGV\PEROFRUUHVSRQGVWR
WKHWXEHWHQVLOHGDWD







 ¦  ¦   
ZKHUH Z 'Z UHSUHVHQW WRWDO GDPDJH LQFUHPHQWDO GDPDJH UHVSHFWLYHO\ 'XFWLOH IUDFWXUH LV DVVXPHG ZKHQ WKH
DFFXPXODWHGGDPDJHEHFRPHVXQLW\Z &UDFNJURZWKFDQEHVLPXODWHGE\UHGXFLQJDOOVWUHVVFRPSRQHQWVDWWKH
IDLOHG JDXVV SRLQW WR D VPDOO SODWHDX YDOXH7R LPSOHPHQW GXFWLOH GDPDJH FDOFXODWLRQ DQG VWUHVV UHGXFWLRQ LQ )(
GDPDJH DQDO\VLV XVHUVXEURXWLQH 8+$5' ZLWKLQ $%$486 67$1'$5' >@ ZDV XVHG 0RUH GHWDLOHG
LQIRUPDWLRQRQWKLVPHWKRGFDQEHIRXQGLQ5HI>@
3.3. Determination of element size 
,W LVZHOO NQRZQ WKDW WKH HOHPHQW VL]H Le XVHG LQ)(PHVKHV DIIHFWV VLPXODWLRQ UHVXOWV7RGHWHUPLQHSURSHU
HOHPHQW VL]H IRU$OOR\ 77 WKH QRWFKHG 6* WXEH WHQVLOH WHVW ZHUH VLPXODWHGZLWK HODVWLFSODVWLF )( DQDO\VLV
6\PPHWULF FRQGLWLRQV ZHUH IXOO\ XWLOL]HG DQG HLJKWQRGH EULFN HOHPHQWV ZLWK IXOO LQWHJUDWLRQV &' ZLWKLQ
$%$486>@ZHUHXVHG7\SLFDO)(PHVKLVVKRZQLQ)LJD(OHPHQWVL]HLQFUDFNJURZWKUHJLRQUDQJHGIURP










3.4. Prediction of load-bearing capacity 
)ODZHG WXEHEXUVW VLPXODWLRQVZHUH SHUIRUPHG XVLQJ WKH HVWDEOLVKHG)(GDPDJH DQDO\VLV ,Q WKH)( DQDO\VHV
V\PPHWULF FRQGLWLRQV ZHUH IXOO\ XWLOL]HG DQG HLJKWQRGH EULFN HOHPHQWV ZLWK IXOO LQWHJUDWLRQV &' ZLWKLQ
$%$486>@ZHUHXVHG7\SLFDO)(PHVKHVIRUWKURXJKZDOOFUDFNHGDQGVXUIDFHFUDFNHG6*WXEHVDUHVKRZQLQ
)LJ(OHPHQWVL]HLQFUDFNJURZWKUHJLRQLVIL[HGWRLe PP
3UHGLFWHGPD[LPXP SUHVVXUHV IRU WKH HDFK FUDFN JHRPHWULHV DUH FRPSDUHGZLWK WHVW GDWD LQ )LJ  3UHGLFWHG
PD[LPXPSUHVVXUHVDUHRYHUDOOLQJRRGDJUHHPHQWZLWKWHVWGDWD$OPRVWSUHGLFWLRQVDUHLQRIWHVWGDWDDQGWKH
ZRUVWFDVHRIRYHUHVWLPDWLRQDQGXQGHUHVWLPDWLRQDUHDQGUHVSHFWLYHO\
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&RQFOXVLRQV
7KLV SDSHU SURSRVHV DQ HIILFLHQW VLPXODWLRQ PHWKRG WR SUHGLFW ORDGEHDULQJ FDSDFLW\ RI $OOR\ 77 VWHDP
JHQHUDWRU WXEHVXVLQJ)(GDPDJHDQDO\VLV7KHPHWKRG LVEDVHGRQ WKH VWUDLQEDVHG IUDFWXUHPRGHO$ VLPSOLILHG
IUDFWXUHVWUDLQFULWHULRQLVGHWHUPLQHGE\DQDO\]LQJWHQVLOHWHVWGDWDIRUVRXQGXQFUDFNHGWXEH$SURSHUHOHPHQW
IRU $OOR\ 77 LV IRXQG E\ DQDO\]LQJ FLUFXPIHUHQWLDO WKURXJKZDOO FUDFNHG WXEH WHQVLOH WHVW GDWD 0D[LPXP
SUHVVXUHV IRU D[LDO FUDFNHG WXEHV DUH SUHGLFWHG XVLQJ HVWLPDWHG )( GDPDJH DQDO\VLV PHWKRG &UDFN JURZWKV DUH




7KLV ZRUN ZDV VXSSRUWHG E\ WKH 1XFOHDU (QHUJ\ 7HFKQRORJ\ ,QQRYDWLRQ 3URJUDP RI WKH .RUHD ,QVWLWXWH RI
(QHUJ\7HFKQRORJ\(YDOXDWLRQDQG3ODQQLQJ.(7(3JUDQW IXQGHGE\ WKH.RUHDJRYHUQPHQW0LQLVWU\RI7UDGH
,QGXVWU\ DQG(QHUJ\ 1R 7 DQGE\(QJLQHHULQJ5HVHDUFK&HQWHU3URJUDP WKURXJK WKH1DWLRQDO
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7UDQVDFWLRQVRI.RUHDQ6RFLHW\RI3UHVVXUH9HVVHODQG3LSLQJ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